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Abstract
Background: The aim of the current study was to examine the associations between Body Mass Index (BMI) and
socio-demographic factors and to examine the relationship between BMI, smoking status and ethnicity.
Methods: The Singapore Mental Health Study (SMHS) surveyed Singapore Residents (Singapore Citizens and
Permanent Residents) aged 18 years old and above. BMI was calculated using height and weight which were
self-reported by respondents. Socio-demographic characteristics and smoking status were recorded in a
standardized data collection form.
Results: Six thousand and six hundred sixteen respondents completed the study (response rate of 75.9 %) which
constituted a representative sample of the adult resident population in Singapore. Ethnicity, gender and education
status were associated with obesity. There was an interaction effect between ethnicity smoking status, and BMI.
Indian and Malay smokers were less likely to be obese compared to Chinese smokers. The relationship between
ethnicity and BMI was thus reversed when smoking was taken into account.
Conclusions: The study identified certain subgroups and risk factors that are associated with obesity. There is a
need for further research to explore and identify genetic, metabolic and ethnic differences that underlie the
interaction between ethnicity and smoking status which affects BMI.
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Background
Smoking and obesity are the leading causes of prevent-
able death [1]. Obesity significantly increases the risk of
chronic diseases such as cardiovascular disease, muscu-
loskeletal disorders, type- 2 diabetes, coronary heart dis-
ease, osteo-arthritis and certain cancers [2–6]. Every
year, around 3.4 million adults die as a result of being
overweight or obese [6]. Global estimates of disease bur-
den attributed to overweight and obesity are substantial,
with data indicating 7 % to 44 % [6]. A study in United
States reported that the total cost attributed to obesity
was US$99.2 billion dollars [7]. While no figures were
reported for Singapore, WHO estimated that 2–7 % of
total health care costs are attributed to obesity in devel-
oped countries [8].
Overweight and obesity are recognized as primary risk
factors for chronic non-communicable disease (NCD) in
Singapore [9]. These NCDs include Cancer (19 %), Car-
diovascular Disease (20 %) and Diabetes Mellitus (10 %),
all of which constitute about 195,840 life years lost due
to mortality and ill-health in 2010 [9]. There is evidence
that suggest that nicotine addiction influences body
weight as well [10] and that a parabolic or U shaped re-
lationship exists between BMI and smoking [11–13].
The consumption of nicotine products has been in-
creasing worldwide. World Health Organization (WHO)
has estimated that tobacco contributes 6 million deaths
annually and is one of the most important causes of
morbidity [14]. Nicotine is the key chemical compound
that causes and sustains cigarette addiction and the de-
sign and contents of tobacco products today have made
them more addictive than ever [15]. Smoking has been
known to be linked to cancer, heart disease, stroke and
other diseases [14]. However, the adverse effects of
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smoking are not limited to only the smoker; individuals
who are exposed to second hand smoke are at an even
greater risk for lung cancer, heart diseases and other
chronic health problems [14]. Thus, at a societal level,
smoking has substantial direct and indirect cost that
puts a strain on health care and social resources.
Like many countries worldwide, smoking and obesity
are serious public health concerns in Singapore. Ac-
cording to the Singapore National Health Survey con-
ducted in 2004, there has been an increasing trend of
smoking and obesity [16]. Prevalence rates for smoking
have increased substantially from 6.9 % to 10.8 % from
2004 to 2010 [16, 17]. Similarly, prevalence rates for
obesity have steadily increased from 12.6 % to 14.3 %,
over the same period of time. BMI and fat rate have
been observed to decrease with increased smoking in-
tensity but to a certain point - should smoking intensity
increase beyond a certain point, BMI is expected to in-
crease exponentially [18].
Given the ethnic diversity in Singapore, an association
between ethnicity and obesity has been previously docu-
mented. Studies have reported that people with Malay or
Indian ethnicity have a high risk of being overweight or
obese [17, 19]. Specifically, obesity was more common
among Malays (24.0 %) followed by Indians (16.9 %)
then Chinese (7.9 %) [17]. In the same study, the authors
reported Malays had the highest daily smoking preva-
lence among the three ethnic groups. This brings for-
ward a few uncertainties. Are the effects of nicotine
directly influencing the risk of obesity? Does ethnicity
alter the relationship between obesity and nicotine? The
distinction is important because the latter would suggest
that efforts to reduce smoking may be particularly import-
ant in reducing burden of obesity in some populations.
The aim of the current study was to examine the associ-
ations of BMI with socio-demographic factors and smok-
ing in the Singapore resident population. We postulated
that smokers would be less likely to be overweight and
obese and that there is an interaction between smoking
status and ethnicity which would affect BMI.
Methods
Subjects
The data for the current study was extracted from the
Singapore Mental Health Study (SMHS) which was con-
ducted from December 2009 to December 2010. This
was a population-based, cross sectional, epidemiological
study which has been described previously in greater de-
tail [20]. A total of 6616 Singapore residents (including
Singapore citizen and Permanent Residents) aged
18 years old and above were recruited. Written informed
consent was obtained from all respondents and for those
under the age of 21, consent was also obtained from a
parent/legally acceptable representative. The study was
approved by the relevant Institutional Review Boards.
Assessments
The screening module of the Composite International
Diagnostic Interview version 3.0 (CIDI 3.0) was used to as-
sess smoking status. Respondents were asked whether they
are current smokers, ex-smokers or non-smokers who have
never smoked before. Ex-smokers and non-smokers were
grouped together for analysis. Socio-demographic informa-
tion was recorded in a standardized data collection form.
BMI was calculated using height and weight which were
self-reported by respondents. Participants were classified
into four categories according to WHO International classi-
fication: (1) Underweight (≤18.5 kg/m2) (2) Normal Weight
(18.5 kg/m2 to 24.9 kg/m2) (3) Overweight 25.0 kg/m2
-30.0 kg/m2) (4) Obese (≥30.0 kg/m2) [8].
Statistical analysis
All estimates were weighted to adjust for oversampling
and post-stratification sampling for age and ethnic distri-
butions between the survey and the Singapore resident
population. Weighted mean and standard error were
calculated for continuous variables, and weighted per-
centages and standard errors for categorical variables.
Multinomial regression models were used to generate
odds ratio (ORs) and 95 % confidence intervals (CIs)
using BMI as the main outcome variable and socio-
demographic characteristics (i.e. age group, gender, eth-
nicity, marital status, employment status, income) and
smoking status as predictor variables. Standard errors
(S.E.) and significance tests were estimated using the
Taylor series linearization method. All statistical analysis
was carried out using Statistical Analysis Software (SAS)
System version 9.2. Statistical significance was evaluated
at the <0.05 level using two-sided tests.
Results
In all, 6616 face-to-face interviews were completed,
yielding a response rate of 75.9 %. Due to missing
data in a small number of cases, BMI could only be
calculated for 6291 (48.9 % male and 51.1 % female)
respondents. The mean (SD) age of the sample was
42 (14.5) years.
Table 1 presents the socio-demographic distribution of
the study sample. 4.7 % of the study sample had an edu-
cation level of primary school and below, 14.1 % had
secondary school education, 27.9 % had Pre-U/junior
college/diploma, 22.9 % had vocational training and
8.0 % had university education. Approximately 23.6 %
was overweight and 7.8 % was obese. 16.3 % of the
population reported being a current smoker and 83.7 %
of the population were non-smokers at the point of
recruitment.
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Table 2 shows the socio-demographic correlates
among three groups: Obese vs. Normal, Overweight vs.
Normal and Underweight vs. Normal among the study
population. Among the different ethnicities in Singapore,
Malays were more likely to be obese (OR = 4.7) and
overweight (OR = 2.0) as compared to the Chinese. In-
dians were also more likely to be obese (OR = 3.6) and
overweight (OR =2.0) as compared to the Chinese. In-
dians were 0.6 times less likely to be underweight than
the Chinese. Other ethnicities were also 2.7 times more
likely to be obese compared to Chinese. Females were less
likely to be obese (OR = 0.7) and more likely to be under-
weight (OR = 2.8), respectively. Those who were obese
were more likely to have lower education [primary and
below (OR = 2.1), secondary (OR = 1.8), pre-U/Junior Col-
lege/Diploma (OR = 1.8) and Vocational (OR = 2.3)].
It was observed that there was no significant effect on
weight when smoking status was taken into account. We
further explored a possible interaction of each significant
variable in the model. We found there was an inter-
action effect between ethnicity and smoking status, af-
fecting BMI. Indian smokers were less likely to be obese
and more likely to be underweight compared to Chinese
smokers (OR = 0.4, CI 0.2–0.8, p = .0116 and OR = 2.8,
CI 1.4–5.9, p = .0048 respectively). Similarly, Malay
smokers were less likely to be obese and overweight
(OR = 0.3, CI 0.2–0.5, p < .0001 and OR = 0.6, CI 0.4–0.9,
p = 0.0072 respectively) than Chinese smokers.
Discussion
This study has allowed us to look at the correlates of
overweight, obesity and underweight with socio-
demographic factors in a multi-ethnic Asian population.
Results indicate that ethnicity plays a significant role in
obesity with the Malays and Indians more likely to be
overweight and obese when compared to the Chinese.
This finding is in accordance with the National Health
Survey conducted in 2010 [17]. This relationship was
however, reversed when smoking was taken into ac-
count. Indian and Malay smokers were at a lesser at risk
of being overweight and obese than Chinese smokers.
Analysis also revealed that the odds of obesity and
overweight do not increase with age. This finding is in
contrast to a previous study, whereby the authors re-
ported that the odds of obesity and overweight increases
with age and it is most prevalent among the middle aged
individuals (50–59 years old) [8]. Unlike the previous
study where underweight groups were not looked at, the
current findings found that adults aged 35–49 years old
(OR = 0.6) and 50–64 years old (OR = 0.5) were less
likely to be underweight as compared to the young
adults (18–34 years old).
The National Health Survey Singapore 2010 reported
that the prevalence of obesity was highest among the
Malay (38.0 %) followed by the Indians (32.8 %) and
Chinese (19.4 %) [17]. Our findings suggest that the
Malays had the highest odds of being obese, followed by
Table 1 Socio-demographic distribution of the sample
Number Weighted % S.E.
Age group
18–34 2264 32.4 -
35–49 2308 34.7 -
50–64 1401 22.6 -
65+ 318 10.4 -
Ethnicity
Chinese 1976 77.9 -
Malay 2145 11.4 -
Indian 1905 8.2 -
Others 265 2.5 -
Sex
Male 3191 48.9 0.9
Female 3100 51.1 0.9
Marital
Single 1787 29.4 0.7
Married 4076 62.4 0.8
Divorced/separated 248 4.2 0.4
Widowed 178 3.9 0.4
Education
Primary and below 203 4.7 0.4
Secondary 813 14.1 0.6
Pre-u/junior-college/diploma 1905 27.9 0.8
Vocational 1331 22.9 0.7
University 706 8.0 0.4
Employment
Employed 4464 71.8 0.8
Economically inactivea 1365 23.8 0.7
Unemployed 285 4.4 0.4
Income
Below $SD 20,000 3110 50.3 0.9
$SD 20,000–49,999 1900 31.8 0.8
Above $SD 50,000 955 17.9 0.7
BMI
Underweight 446 8.4 0.5
Normal 3338 60.3 0.9
Overweight 1719 23.6 0.8
Obese 788 7.8 0.4
Smoking
No 4891 83.7 0.6
Yes 1270 16.3 0.6
aInclude homemakers, students and retirees/pensioners
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the Indians. Ethnic differences in susceptibility to obesity
have also been observed overseas [21]. However, it is un-
clear whether the effects of weight are directly linked to
the biological composition of the different ethnic groups
or other various reasons, i.e. food intake and/or physical
activity. The mechanisms underlying the body weight
differences among the ethnic groups are unclear. One
possibility which had been suggested was that individuals
from different ethnic groups have a differing propensity to
accumulate fats in regions that are detrimental, such as
within the abdomen, in the skeletal muscles or liver [22].
As expected, our findings on gender differences show
that females were significantly more likely to be under-
weight as compared to males. This result correspond
with the National Health Survey 2010, which reported a
similar trend of males (12.1 %) being more likely to be
obese when compared to females (9.5 %) [17]. Anecdotal
evidence suggests that it is acceptable for men to be
overweight, but the same may not apply to females.
Overweight females tend to be stigmatized while under-
weight are encouraged and valued in western influenced
countries, such as Singapore [23]. This can be also be
reflected by the difference in body esteem reported be-
tween the genders, whereby girls are more vulnerable to
negative evaluation of being overweight than boys [24].
Surprisingly, there was no significant association be-
tween marital status and obesity/overweight. This was
contrary to previous findings which reported married
Table 2 Socio-demographic correlates of Body Mass Index (BMI)
Obese vs Overweight vs Underweight vs
Normal weight Normal weight Normal weight
OR+ 95 % CI P value OR+ 95 % CI P value OR+ 95 % CI P value
Age group (years) 18 to 34 Ref Ref Ref
35 to 49 1.0 (0.7–1.6) .87 1.2 (0.9–1.5) .29 0.6 (0.4–0.9) .0087
50 to 64 1.2 (0.8–2.0) .3739 1.3 (1.0–1.8) .0599 0.5 (0.3–0.9) .0148
65 and above 0.4 (0.2–1.0) 0.0611 1.4 (0.8–2.3) .2548 0.6 (0.2–1.6) .3066
Ethnicity Chinese Ref
Malay 4.7 (3.6–6.2) <.0001 2.0 (1.7–2.5) <.0001 0.7 (0.5–1.0) .0539
Indian 3.6 (2.7–4.7) <.0001 2.0 (1.7–2.4) <.0001 0.6 (0.4–0.8) .0025
Others 2.7 (1.5–4.9) .0016 1.4 (0.9–2.0) .0974 0.4 (0.2–1.3) .1319
Sex Male Ref
Female 0.7 (0.5–0.9) .0127 0.6 (0.5–0.7) <.0001 2.8 (2.0–4.0) <.0001
Marital Single Ref
Married 1.3 (0.8–2.0) .2887 1.2 (1.0–1.6) .1209 0.6 (0.5–0.9) .0134
Divorced/Separated 1.4 (0.6–3.1) .4468 0.8 (0.5–1.4) .3988 0.8 (0.4–1.7) .5659
Widowed 2.1 (0.8–5.6) .1611 1.6 (0.8–3.3) .2361 0.7 (0.2–2.4) .5974
Education Primary and below 2.1 (1.2–3.9) .0123 1.4 (0.9–2.1) .0976 1.0 (0.5–2.0) .9412
Secondary 1.8 (1.1–2.9) .0208 1.3 (0.9–1.7) .167 1.1 (0.7–1.8) .7876
Pre-U/Junior-college/Diploma 1.8 (1.1–2.9) .0262 1.1 (0.8–1.5) .4815 0.9 (0.6–1.4) .7431
Vocational 2.3 (1.3–4.1) .0058 1.1 (0.7–1.6) 0.6593 1.6 (0.9–2.7) .1257
University Ref
Employment Employed Ref
Economically inactive# 1.1 (0.7–1.5) .7408 0.8 (0.6–1.1) .1888 0.9 (0.6–1.3) .4997
Unemployed 1.3 (0.7–2.4) .4012 0.8 (0.5–1.4) .401 1.2 (0.7–2.1) .6006
Income Below $SD 20,000 Ref
$SD 20,000 to 49,999 1.2 (0.9–1.7) .2873 1.0 (0.8–1.3) .8953 0.7 (0.5–1.1) .1109
$SD 50,000 and above 0.9 (0.5–1.5) .6098 1.1 (0.8–1.6) .4576 0.6 (0.4–1.1) .1117
Smoking No Ref
Yes 1.5 (0.9–2.5) .1411 1.1 (0.8–1.6) .5584 1.0 (0.6–1.8) .9424
Bold font indicates significant p values
# includes retirees, students and housewives
+Odds Ratios derived from multinomial regression
Ref: Reference
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individuals are at an increased risk of being overweight
[19]. Our findings instead suggest that marital status was
a protective factor for being underweight. An increase in
weight after getting married has been observed else-
where [25, 26]. Studies have suggested that there are role
changes for married couples. Individualistic activities
such as exercise take a backseat to marital obligations.
People who are married are also less likely to smoke and
more likely to quit smoking [25]. Anecdotal evidence
suggests that children could also influence the parents’
eating patterns, with the parent eating the leftovers to
minimize wastage. All of these factors may lead to
weight gain.
We also examined the socioeconomic factors which
predispose people to be overweight and obese. Previous
studies have suggested that socioeconomic factors are
one of the most consistent predictors of body weight
[27, 28]. Socioeconomic factors such as education, in-
come and occupation are related to variations in behav-
ior which changes energy intake, expenditure and
metabolism [29]. We found that obesity was inversely
associated with education level, with lower education
linked to higher risk of obesity. Education has been hy-
pothesized to enable people to integrate healthy be-
haviors (e.g., dietary choices, nutrition, access to
healthy food, exercise) into a lifestyle, which gives
them a sense of control over their health [30]. It also
limits one's exposure to negative influences associated
with the social environment in which one lives and
works [30]. An individual with higher education is
likely to have the means to access the various avenues
that help maintain a healthy life study including gym
membership and sporting clubs.
Although the general consensus is that smoking status
is negatively associated with BMI [10, 18], and our study
results did not show a significant inverse relationship be-
tween smoking status and BMI. This could be due to the
contribution of external factors such as eating habits
and lifestyle habits such as amount of exercise. However,
when smoking was taken into account, the effect of eth-
nicity on BMI was reversed. Indian and Malay smokers
were less likely to be obese when compared to Chinese
smokers. Multiple factors may come into play that could
affect an individual’s body weight. Considerations such
as energy intake, energy expenditure and lifestyle may
contribute to the inverse association.
In previous research conducted in Singapore, distinct
ethnic differences associated with nicotine dependence
were found. Malays were reported to have the highest
prevalence of nicotine dependence compared to Indian
and Chinese [31, 32]. Taking this into considerations, it
is plausible that nicotine acts as an appetite suppressant,
thus effectively reducing the calories consumption for
smokers. In terms of physical activity, Malays tend to
have the highest levels, followed by Indians which sug-
gest differing higher energy expenditure among the three
ethnic groups [33]. Some other studies, have instead
suggested that smoking is associated with energy
expenditure, with resting energy expenditure differing
between ethnicities [34]. To the best of our knowledge,
literature concerning the relationship of smoking and
energy expenditure among the three ethnic groups has
not been looked at in Singapore. Our findings highlight
that further research is needed to examine the inter-
action between smoking and other socio-demographic
factors.
Strengths and limitations
The study has some limitations. This study was conducted
via face to face household survey. Thus, information from
residents of nursing homes, hospitals and prisons for the
entire field period of the survey was excluded. About 24 %
of the sample was not interviewed due to “non-response”.
This non-response rate could lead to underestimation of
the true rates. Parameters collected, such as height and
weight were self-reported. While previous studies have
suggested that there is a high correlation between self-
reported and measured parameters [35]. Others have sug-
gested that self-report may underestimate weight and
overestimate height [36, 37]. Abdominal fatness was not
measured or examined in this study. Previous studies have
suggested central obesity such as waist circumference,
waist-hip ratio and waist-stature ratio is a better indicator
for risk of cardiovascular heart disease, diabetes and
hypertension for Asians [38–40]. However, BMI is an
equally strong indicator [39]. Past smoking behavior and
intensity of smoking was not looked at in this study, which
could have affected the individual body weight.
Lastly, due to the cross sectional design of the study, we
are not able to attribute any casual relationships between
the relationship of BMI and smoking. Despite these limita-
tions, our study includes a large sample size with a reason-
able response rate which makes it a good representative
study of the adult population in Singapore. The study was
also a single phase study without geographical clustering
that ensured that detailed data was collected from all indi-
viduals across the island.
Conclusion
In summary, our study identified certain subgroups and
risk factors that are associated with obesity. We observed
an interaction effect between ethnicity smoking status,
and BMI. There is a need for further research to explore
and identify genetic, metabolic and ethnic differences that
underlie the interaction between ethnicity and smoking
status which affects BMI.
Wang et al. BMC Public Health  (2016) 16:500 Page 5 of 7
Abbreviations
BMI, body mass index; CI, confidence interval; CIDI, Composite International
Diagnostic Interview; NCD, non-communicable disease; OR, odds ratio; S.E.,
standard error; SAS, statistical analysis software; SD, standard deviation; SMHS,
Singapore Mental Health Study; WHO, World Health Organization.
Acknowledgements
We thank the participants and the interviewers involved in the SMHS study.
Funding
This research was funded by Singapore Millennium Foundation and the
Ministry of Health, Singapore.
Availability of data and materials
Data is not available for online access, however readers who wish to gain
access to the data can write to the senior author Dr. Mythily Subramaniam
at mythily@imh.com.sg with their requests. Access can be granted subject to
the Institutional Review Board (IRB) and the research collaborative
agreement guidelines. This is a requirement mandated for this research
study by our ethnics committee and funders.
Authors’ contribution
EA, SAC, JV and MS designed the study and the protocol. AE did statistical
analysis and interpretation of the data. PW and RS drafted the manuscript.
SAC, JV and MS gave their intellectual input and critically reviewed the
article. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interest.
Consent for publication
Not Applicable.
Ethics approval and consent to participate
Ethics approval was obtained from the Domain Specific Review Board of the
National Healthcare Group, Singapore. Written informed consent was
obtained from all respondents and for those under the age of 21, consent
was also obtained from a parent/legally acceptable representative.
Received: 26 November 2015 Accepted: 6 June 2016
References
1. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in
the United States, 2000. JAMA. 2004;291(10):1238–45.
2. Collaboration APCS. Body mass index and risk of diabetes mellitus in the
Asia-Pacific region. Asia Pacific. 2006;15(2):127–33.
3. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al.
National, regional, and global trends in body-mass index since 1980:
systematic analysis of health examination surveys and epidemiological
studies with 960 country-years and 9 · 1 million participants. Lancet. 2011;
377(9765):557–67.
4. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The
incidence of co-morbidities related to obesity and overweight: a systematic
review and meta-analysis. BMC Public Health. 2009;9(1):88.
5. Ni Mhurchu C, Rodgers A, Pan WH, Gu DF, Woodward M. Body mass index
and cardiovascular disease in the Asia-Pacific Region: an overview of 33
cohorts involving 310 000 participants. Int J Epidemiol. 2004;33(4):751–8.
6. World Health Organization. Obesity and overweight 2015 [cited 2015 24
Jan]. Available from: http://www.who.int/mediacentre/factsheets/fs311/en/.
7. Wolf AM, Colditz GA. Current estimates of the economic cost of obesity in
the United States. Obes Res. 1998;6(2):97–106.
8. World Health Organization. WHO Technical Report Series 894; Obesity:
Preventing and managing the global epidemic.[document on Internet].
c2000 [cited 2012 Nov. 05]. Available from: http://www.who.int/nutrition/
publications/obesity/WHO_TRS_894/en/
9. Ministry of Health. Singapore Burden of Disease Study 2010. Singapore:
2010 June 2014. Report No.
10. Heishman SJ. Behavioral and cognitive effects of smoking: relationship
to nicotine addiction. Nicotine Tob Res. 1999;1 Suppl 2:S143–7.
discussion S65-6.
11. Istvan JA, Cunningham TW, Garfinkel L. Cigarette smoking and body weight
in the Cancer Prevention Study I. Int J Epidemiol. 1992;21(5):849–53.
12. Klesges R, Klesges L. The relationship between body mass and cigarette
smoking using a biochemical index of smoking exposure. Int J Obes Relat
Metab Disord. 1993;17(10):585–91.
13. Rasky E, Stronegger W-J, Freidl W. The relationship between body weight and
patterns of smoking in women and men. Int J Epidemiol. 1996;25(6):1208–12.
14. World Health Organization. Tobacco World Health Organization: World
Health Organization; 2014 [updated May 2014; cited 2014 11 August].
Tobacco key facts. Available from: http://www.who.int/mediacentre/
factsheets/fs339/en/.
15. U.S. Department of Health and Human Services. How Tobacco Smoke
Causes Disease: The Biology and Behavioral Basis for Smoking-Attributable
Disease: A Report of the Surgeon General. 2010 ed. Atlanta, GA: U.S.
Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health, 2010. 2010.
16. National Health Survey. Epidemiology and Disease Control Division.
Singapore: Ministry of Health, 2004 Contract No.: Part 4.
17. National Health Survey. Epidemiology and Disease Control Division.
Singapore: Ministry of Health; 2010.
18. Oh HS, Seo WS. The compound relationship of smoking and alcohol
consumption with obesity. Yonsei Med J. 2001;42(5):480–7.
19. Ong SK, Fong CW, Ma S, Lee J, Heng D, Deurenberg-Yap M, et al.
Longitudinal study of the socio-demographic determinants of changes in
body weight and waist circumference in a multi-ethnic Asian population.
Int J Obes. 2009;33(11):1299–308.
20. Subramaniam M, Vaingankar J, Heng D, Kwok KW, Lim YW, Yap M, et al. The
Singapore Mental Health Study: an overview of the methodology. Int J
Methods Psychiatr Res. 2012;21(2):149–57.
21. Chor D, Faerstein E, Kaplan GA, Lynch JW, Lopes CS. Association of weight
change with ethnicity and life course socioeconomic position among
Brazilian civil servants. Int J Epidemiol. 2004;33(1):100–6.
22. Khoo CM, Leow MK, Sadananthan SA, Lim R, Venkataraman K, Khoo EY,
et al. Body fat partitioning does not explain the interethnic variation in
insulin sensitivity among Asian ethnicity: the Singapore adults metabolism
study. Diabetes. 2014;63(3):1093–102.
23. Lam T, Lee SW, Fung S, Ho S, Lee PW, Stewart SM. Sociocultural influences
on body dissatisfaction and dieting in Hong Kong girls. Eur Eat Disord Rev.
2009;17(2):152–60.
24. Mak K-K, Pang JS, Lai CM, Ho RC. Body esteem in Chinese adolescents:
Effect of gender, age, and weight. J Health Psychol. 2012;
1359105312437264.
25. Sobal J, Rauschenbach B, Frongillo EA. Marital status changes and body
weight changes: a US longitudinal analysis. Soc Sci Med. 2003;56(7):1543–55.
26. Sobal J, Rauschenbach BS, Frongillo EA. Marital status, fatness and obesity.
Soc Sci Med. 1992;35(7):915–23.
27. Sobal J, Stunkard AJ. Socioeconomic status and obesity: a review of the
literature. Psychol Bull. 1989;105(2):260.
28. Sundquist J, Johansson S-E. The influence of socioeconomic status, ethnicity
and lifestyle on body mass index in a longitudinal study. Int J Epidemiol.
1998;27(1):57–63.
29. Sobal J. Obesity and socioeconomic status: a framework for examining
relationships between physical and social variables. Med Anthropol. 1991;
13(3):231–47.
30. Mirowsky J, Ross CE. Education, Personal Control, Lifestyle and Health A
Human Capital Hypothesis. Res Aging. 1998;20(4):415–49.
31. Picco L, Subramaniam M, Abdin E, Vaingankar JA, Chong SA. Smoking and
nicotine dependence in Singapore: findings from a cross-sectional
epidemiological study. Ann Acad Med Singap. 2012;41(8):325–34.
32. Subramaniam M, Cheok C, Lee I-M, Pek E, Verma S, Wong J, et al. Nicotine
dependence and psychiatric disorders among young males in Singapore.
Nicotine Tob Res. 2009;11(9):1107–13.
33. Khaing Nang EE, Khoo EY, Salim A, Tai ES, Lee J, Van Dam RM. Patterns of
physical activity in different domains and implications for intervention in a
multi-ethnic Asian population: a cross-sectional study. BMC Public Health.
2010;10:644.
34. Clemens L, Klesges R, Slawson D, Bush A. Cigarette smoking is
associated with energy balance in premenopausal African-American
adult women differently than in similarly aged white women. Int J
Obes. 2003;27(10):1219–26.
Wang et al. BMC Public Health  (2016) 16:500 Page 6 of 7
35. Niedhammer I, Bugel I, Bonenfant S, Goldberg M, Leclerc A. Validity of self-
reported weight and height in the French GAZEL cohort. Int J Obes Relat
Metab Disord. 2000;24(9):1111–8.
36. Flood V, Webb K, Lazarus R, Pang G. Use of self-report to monitor
overweight and obesity in populations: some issues for consideration. Aust
N Z J Public Health. 2000;24(1):96–9.
37. Roberts RJ. Can self-reported data accurately describe the prevalence of
overweight? Public Health. 1995;109(4):275–84.
38. Collaboration APCS. Central obesity and risk of cardiovascular disease in the
Asia Pacific Region. Asia Pac J Clin Nutr. 2006;15(3):287–92.
39. Nyamdorj R. BMI compared with central obesity indicators in relation to
diabetes and hypertension in Asians. Obesity. 2008;16(7):1622–35.
40. Pua Y-H, Ong P-H. Anthropometric indices as screening tools for
cardiovascular risk factors in Singaporean women. Asia Pac J Clin Nutr.
2005;14(1):74–9.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Wang et al. BMC Public Health  (2016) 16:500 Page 7 of 7
